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Abstract; Aiming at the steam turbine low pressure cylinder structure of the 350 MW supereritical unit
in a power plant, a single-channel three-dimensional model of the low pressure cylinder flow area com-
posed of the last five cascade channels was established. Seven operating conditions reduced from turbine
heat acceptance (THA) operating condition to 1. 5% THA operating condition were selected, thereby
constructing a global map of the low-pressure cylinder steam flow change. The computational fluid dynam-
ics method was used to calculate the low pressure flow field and temperature field of the last stage steam
turbine low pressure cylinder at different steam flow rates. The research results show that steam can flow

smoothly through the low pressure cylinder passage under THA working condition. With the decrease of
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steam flow, the recirculation vortex appears at the area behind the middle chord area and the last stage

moving blade root, and the steam flow chaos in the cascade channel gradually increases. When the steam

flow is reduced to 14% THA, the last stage moving blade enters into the blast heating state, the steam

does negative work on the last stage moving blade, and the power inside the last stage moving blade is

negative. When the steam flow is reduced to 5.8% THA, a small area of 200 C high temperature ap-

pears on the top of the last stage moving blade suction surface. When the steam flow is reduced to 3.0%

THA, the blast heating phenomenon is intensified, and the high temperature areas of 200 °C both appear

on the top of last stage moving blade and the tip area of stationary blade suction surface. At this time,

necessary measures must be taken to cool the low-pressure cylinder.

Key words: steam turbine, low pressure cylinder, small flow conditions, deep peak regulation,
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Fig. 1 Single channel 3D model of flow area of

low pressure cylinder
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Fig. 2 3D model of the whole circumferential

passage in the flow area of low pressure cylinder
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Fig. 3 Finite volume mesh division of flow area

of low pressure cylinder
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Tab. 1 Working conditions of changing steam

flow rates of low pressure cylinder

T4 fREST /L - h !
100% THA 658
36.5% THA 240
18.2% THA 120
9.1% THA 60
5.8%THA 38
3.0% THA 20
1.5%THA 10
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Fig. 4 The distribution of steam temperature at 10 mm
behind the tip of the last stage rotor blade along
the blade height under 5. 8% THA condition

with different mesh numbers
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Tab.2 Comparison of numerical simulation calculation

and heat balance diagram under THA condition

28 POPAEE BER RS2 %
PR/ kg - h! 693 050 667 613 3.67
6 £ J1/kPa 0.140 0.137 2.14
6 R/ C 129 124 3.88
7 HiE 71/ kPa 0.070 0.068 2.86
7 R/ C 90.2 88.2 2.22%
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Fig.5 Steam flow lines of the low pressure last two
stage meridian plane passage at different

steam flow rates
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Fig. 6 The distribution of steam pressure at 15 mm
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along the blade height at different steam flow rates
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Fig. 7 The whole circumferential torque and internal

power of the last stage rotor blade at different

steam flow rates
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Fig. 8 Temperature distribution of meridian plane

passage at different steam flow rates
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blade at different steam flow rates




Fo K

W, 45 BREE I T 00T 350 MW JRAC WL R GL IR 5 I 5 o0 A R P - 65 -

JEF1/Pa REE/C
4173 m 210
'4063 ‘; ‘ '190
3953 | | [ | 170
3844 150
3734 130
3624 110
3515 90
3405 70
(b) RZshrtiE th A
11 3.0%THA TR THREFRM KA

HOMESD BE EZESf
Fig. 11 Distributions of pressure,temperature and
velocity at outlet of last stage stator and rotor

blades under 3.0% THA condition

3 4 it

FeE 7 AV P T 9 DX 3 L T AR AR oK S
Gt tihEE AL, EFIET 7 RS T Y
IBAT L0, TEANIRIHEV I & T 38 i BB A Y T ik
PRI T VREEHUIR R SR 3703 LA SO B 3 R bk | 45
W

(1) 78 THA T-00T , 28V RE B I i o A1 e T
HIH A 2R i AR AR, R 2 h it AR A X
DX BRI A8 T 008, R o T 28 9 o A A
MR g R X,

(2) 7 14% THA 78R VAT, RSt I
FR A, PR AR S 2y, K gt ik
AR

(3) MZERI A LS 5. 8% THA B, K3
W 2SR, 2y e TOU0 B 30 28 7 ) i 32 1]
BIE . 2BV B PR E] 3. 0% THA , SN #4i
GO, ST B/ NE Y 200 °C 8 i X

(4) MZER I E RS 5. 8% THA B, K3
IR o T TS 1 B/ N R 200 °C i X, 783
FEAGE] 3.09% THA ,200 C &5 X9 i 28 K 24 sl it T
TR I AR IX 2RI RN 1. 5%
THA , ARG il C 45T 200 °C, Hoiy, 24
IRUR AL B it e AP (G A

SE R
(1] Mk, % 58, FHOP. MRIE VTR BL= g0t i it i 2

PR BB S5 50T [ )] . TR R4 4, 2007,28(5)
763 -765.

WU Zhi-hua, LI Liang, FENG Zhen-ping. Three-dimensional simu-
lation of wet steam two-phase flow in the stator of a low-pressure
turbine[ J]. Journal of Engineering Thermophysics,2007,28 (5) :
763 -765.

MZAUR Z, HEMANDEZ A, ROSSETTE R. Investigation of the
failure of the L-0 blade[ J]. Engineering Failure Analysis,2006,13
(8):1338 - 1350.

HAE, E 30, B, B IR TR R HUIR R L e/
TEAERE[J]. FLB T FR41R,2020,56 (16) :98 - 108.

CAO Li-hua, WANG Wen-long, LUO Heng-heng. Determination of
minimum flow rate of low pressure cylinder of steam turbine under
deep peak load regulation conditions [ J ]. Journal of Mechanical
Engineering,2020,56(16) :98 - 108.

R, Wt R g AR NE B BN IR LIRS i
TARERTFE[J]. KA HLEOR ,2019,61(5) 1321 -325.

XU Mei-chao, CAO Li-hua,ZHAO Jin-feng, et al. Analysis on vor-
tex characteristics in last stage of steam turbine during the low vol-
ume flow conditions [ J ]. Turbine Technology, 2019, 61 (5):
321 -325.

B IR, WIS R S NE TR TR MR S
VLA ) ] AR HLE R ,2019,61(1) 21 -3.

CAO Li-hua,XU Mei-chao, HU Peng-fei, et al. Analysis on vortex
structure characteristics in last stage of steam turbine during the
low volume flow conditions[ J]. Turbine Technology,2019,61(1) :
1-3.

ESCE TR, R E, A DB R TR LRSI 3h
FEEESTHTL )] REEDLEE A ,2019,61 (1) 43 —46.

WANG Wen-ying, GUO Liang-dan, AN Guo-yin, et al. Flow char-
acteristics analysis of steam turbine exhaust cylinder under small
volume flow rate[ J]. Turbine Technology,2019,61(1) :43 —46.
RICA HES) w5 P, 5 PRAESHUIR S i DX 8 KU i 7 8
AT T]. #IBET-,2019,48 (1) :20 - 25.

SONG Wen-xi,ZHU Peng-bo,GAO Qing, et al. Numerical investi-
gation on windage flow field characteristics in low pressure flow

passage of turbine[ J]. Thermal Turbine,2019,48(1) ;20 —25.

(THEE 72 ])



